Abstract. MicroRNAs (miRNAs) are post-transcriptional regulators of gene expression that target mRNAs for translational repression or cleavage. The present study was conducted to identify differentially expressed miRNAs in primary tumor tissues of rectal carcinoma (RC) that may be associated with heterochrony hepatic metastasis (HHM). Samples were collected exclusively from patients with RC but not colon cancer (CC); Next-generation high-throughput sequencing technology and bioinformatics tools were used to profile and analyze small RNAs and their corresponding targets in primary tumor tissues with HHM (n=2) or without metastases (non-metastatic, NM; n=2). A total of 24 known miRNAs were identified to be differentially expressed (P<0.01; absolute value of log 2 -fold change ≥1). Hsa-let-7e-5p exhibited the most significant elevation in tissues with HHM (log 2 -fold change=2.62). By combining online informatics resources and previous mRNA sequencing data, it was identified that 54 validated target genes of let-7e were downregulated in primary tumor tissues with HHM. A number of these target genes have been demonstrated to be directly involved in tumor metastasis (including MYC proto-oncogene, bHLH transcription factor, high-mobility group AT-Hook 2, peptidase inhibitor 3, KIT proto-oncogene receptor tyrosine kinase, Jun proto-oncogene, AP-1 transcription factor subunit and ribonuclease T2), or have physiological associations to immunity (including C-C motif chemokine receptor 4 and cluster of differentiation 40 ligand) and cellular metabolism (including peroxisome proliferator-activated receptor γ, coactivator 1 α). Next, 14 target genes were selected for reverse transcription-quantitative polymerase chain reaction analysis in non-sequenced samples, and the downregulation of 10 target genes in RC samples with HHM was confirmed. In addition, it was demonstrated that hsa-let-7e-5p stimulated colorectal cancer cell migration in vitro. The miRNA hsa-let-7e-5p may serve as a potential biomarker for rectal carcinoma-associated HHM, facilitating the identification of patients with RC who are at risk of developing HHM.
Introduction
Colorectal cancer (CRC) is the second most common malignant neoplasm in women and the third in men, with 1.2 million annual incidences worldwide (1) . CRC is responsible for 10% of cases of cancer incidence and mortality, worldwide (2) . The primary cause for mortality due to colon cancer is liver metastasis, and ~60% of patients may develop metastases (3). The 5-year survival rate of CRC patients is 91% if the carcinoma remains localized at the time of diagnosis; however, this decreases to 11% if distant metastases have occurred (2) . Understanding the underlying mechanisms behind CRC tumorigenesis and metastasis will improve clinical treatment. Until recently, CRC has been divided into two categories: Colon carcinoma (CC) and rectal carcinoma (RC) (4) . Unfortunately, numerous previous studies have not distinguished between these two distinct forms of carcinoma (5) (6) (7) (8) .
MicroRNAs (miRNAs/miRs) are evolutionarily conserved ~22-nt-long, non-coding RNAs that bind to the 3'-untranslated regions of mRNA to regulate its expression, thereby inhibiting translation driving the cleavage of target mRNAs (9) (10) (11) . Previous studies have investigated the association between miRNA polymorphisms and CRC incidence and prognosis, and the possibility of using circulatory or fecal miRNAs as early non-invasive prognosis biomarkers (5, (12) (13) (14) (15) .
In the present study, samples were collected exclusively from patients with RC-positive and CC-negative disease.
MicroRNA hsa-let-7e-5p as a potential prognosis marker for rectal carcinoma with liver metastases A next-generation high-throughput sequencing strategy was applied to identify differentially expressed miRNAs in primary tumor tissues of RC with heterochrony hepatic metastases (HHM) or without metastases (non-metastatic, NM). Hsa-let-7e-5p was identified to be the most significantly upregulated in primary tumor tissues with HHM. The potential targets of hsa-let-7e-5p, initially derived from online bioinformatics resources, were additionally verified using RNA sequencing (RNA-seq) data. The majority of target genes have already been identified to be directly involved in tumor metastases. The results of the present study indicate that hsa-let-7e-5p may be used as a prognosis marker to identify patients with RC who may be at risk of metastases.
Patients and methods
Patients and samples. Rectal cancer samples were collected from patients who underwent surgical resection in the Department of Colorectal Surgery, Peking University School of Oncology, Beijing Institute for Cancer Research, Beijing Cancer Hospital (Beijing, China) between February 2007 and November 2010. All patients underwent complete history and physical examination, laboratory evaluation, colonoscopy and biopsy of the lesion, and were diagnosed with rectal carcinoma by pathological diagnosis (hematoxylin-eosin staining and immunohistochemistry). The pre-operative imaging examination and intra-operative probe were used to confirm whether or not synchronous liver metastasis had occurred (16) . Briefly, prior to separation and removal of the cancer tissue, a physical examination was conducted to determine whether there were any transferred carcinoma nodules on the surface of the liver or other organs outside of the rectal tissue. Rectal carcinoma patients with concurrent liver metastasis, or in whom liver metastasis developed in the 6 months following surgery, were excluded. According to the guidelines of the National Comprehensive Cancer Network (NCCN), the American Joint Committee on Cancer (AJCC) and College of American Pathologists (17) , all patients underwent R0 resection and a minimum of 12 lymph nodes were used to accurately stage the cancer. Patients who had received chemotherapy or radiotherapy prior to surgery were excluded, as were those with other primary malignant tumors, including CC, or those who succumbed to diseases other than RC, or succumbed to RC within 5 years post-surgery (18) . In the results of the present study, the accurate postoperative pathological staging information is provided. The American Joint Committee for Cancer (AJCC) seventh edition was used for cancer staging (19) . According to this staging, the patients should preoperatively receive chemo-and/or radiotherapy. However, the preoperative radiological staging is not completely in accordance with the postoperative pathological staging. Endoscopic ultrasonography is reported to assess the tumor (T) stage and nodal involvement with 67-97 and 64-88% accuracy, respectively. A meta-analysis of 83 studies demonstrated that computed tomography has 73% accuracy for T stage and 22-73% accuracy for nodal staging. Additionally, the newly endorectal coil magnetic resonance imaging has 71-85% accuracy for prediction of the T stage and 63% for nodal staging of rectal tumors (20, 21) . Prior to surgery, only preliminary clinical staging of tumors using imaging diagnosis is available. As such, the preoperative evaluation determined that the clinical staging of these patients had not reached the standard of preoperative neoadjuvant chemoradiation; therefore, preoperative chemo-and/or radiotherapy were not administered. Additionally, pathological staging is a key factor of assessing postoperative survival and recurrence for patients with rectal cancer. The AJCC postoperative pathological staging information was summarized to confirm that there were no differences in the pathological staging between the selected patients, ensuring consistency between sequencing samples and comparability between sequencing results (19) . HHM was defined as patients who suffered from liver metastases after 6 months of an initial RC diagnosis, and was pathologically confirmed (22) . Following this, 84 patients consisted of 51 men (61%) and 33 women (39%) were included and followed up consecutively for 5 years, or until liver metastases appeared. Patients were aged between 38 and 77 years (median, 61 years old). The follow-up and evaluation protocols conformed to the NCCN guidelines (23) .
The Tumor-Node-Metastasis staging for RC was determined according to the 7th edition of the AJCC Cancer Staging Manual (19) . Six cycles of bolus fluorouracil/leucovorin (400 mg/m 2 /day for fluorouracil, intravenous 200 mg/m 2 /day for leucovorin, intravenous, 1-5 days/week, every four weeks), were started two weeks following surgery for patients with stage III or stage II disease at high risk of recurrence (tumor perforation, tunica serosa or adjacent organs invasion, venous or lymphatic or peri-neural invasion, poor histopathological differentiation), followed by concurrent 5-FU/radiotherapy (45-50 Gy in 25-28 fractions to the pelvis) (23) .
The primary lesions of RC were collected and temporarily stored in liquid nitrogen (-196˚C) within 30 min of excision. For long-term storage, the freshly frozen tumor tissues were then stored in the tissue bank (-80˚C) in Peking University School of Oncology (Beijing, China) until the end of the follow-up period. The present study was approved by the Medical Ethics Committee of Peking University School of Oncology. Written informed consent was obtained from participants for their clinical records to be used in the present study.
Small RNA isolation and sequencing. Total RNA was extracted from fresh-frozen tissues of patients with RC in the HHM and the NM groups using the RNeasy Mini kit (Qiagen, Inc., Valencia, CA, USA) according to the manufacturers protocol. RNA quality was assessed by 1% agarose gel electrophoresis and by spectrophotometry (260 nm). RNA integrity was assessed using an Agilent Technologies 2100 Bioanalyzer (Agilent Technologies, Inc., Santa Clara, CA, USA). RNAs 18-30-nt in length were isolated and purified from total RNA using Noves 15% TBE-Urea Gel (Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, USA). Next, the 5' and 3' adaptors (Beijing Genomics Institute, Shenzhen, China) for additional sequencing were ligated and the small RNA were reverse transcribed. Finally, following an amplification procedure, the products were sequenced using an Illumina Genome Analyzer (BGI Biotechnology, Cambridge, MA, USA), as previously described (24) .
Identification of differentially expressed miRNAs. The analysis procedure for differentially expressed miRNAs has been described previously (25) . Firstly, the raw sequencing data were analyzed using adaptor sequences filtering and base calling using Phred (http://www.phrap.com/). Secondly, the overall length of RNAs distribution was calculated and the sequences were mapped onto the human genome using the program Short Oligo nucleotide Analysis Package v2.04 (26) . Next, the differences in small RNA sequences between HHM and NM groups were detected. Different types of RNA (small nuclear RNA, tRNA, rRNA and small nucleolar RNA, hereafter referred to as rRNAetc) were identified by blasting with the database of NCBI GenBank (https://www.ncbi.nlm. nih.gov/genbank/) and Rfam (version 10.1; http://rfam.xfam. org/). Finally, the small RNAs were compared with the known miRNAs using miRBase 20.0 (http://www.mirbase.org/). The RNAs were marked as 'unann' if they were unable to be mapped to any known databases.
Differential miRNA expression levels between NM and HHM were analyzed according to a previously described method (27) . In the present study, pairwise comparisons were conducted to identify the differences in miRNA expression between the HHM and NM groups. The expression difference was assessed using the fold change of reads per kilobase of transcript per million mapped reads, and the P-value according to the following formulas: Fold change=log 2 
(HHM/NM)
Where fold change represents the fold change of miRNA expression in the HHM group relative to the NM group, x indicates the observed the number of reads for the miRNA in one library, y represents the observed number of reads for the miRNA in another library, and N 1 and N 2 are the total reads for the two libraries, respectively. In the present study, a miRNA was considered to be significantly differentially expressed if the absolute value of the fold change was ≥1 and P<0.01.
Reverse transcription quantitative polymerase chain reaction (RT-qPCR).
For RT-qPCR of mRNA, total RNA from rectal carcinoma tissues were extracted using RNAiso plus (Takara Biotechnology Co., Ltd., Dalian, China) according to the manufacturers protocol, and then subjected to RT with random hexamers using the RevertAid First Strand cDNA Synthesis System (Thermo Fisher Scientific, Inc.) to obtain cDNA. qPCR was performed using an UltraSYBR Mixture (with High ROX) (CW Biotech. Co., Ltd., Beijing, China; http://www.cwbiotech. com/) on the LightCycler 480 II (Roche Applied Science, Penzberg, Germany). The thermocycling conditions were as follows: Polymerase activation at 95˚C for 10 min, followed by 40 cycles of 95˚C for 15 sec, 60˚C for 30 sec and 72˚C for 30 sec. The 2 -ΔΔCq method was used, where the Cq value of one target gene was compared to the Cq value of GAPDH internal control gene, in HHM and NM groups (25) . Primers are presented in Table I .
For the miRNA RT-qPCR, a miRNA first-strand cDNA synthesis kit (cat. no. KR211; Tiangen Biotech Co., Ltd., Beijing, China) was first used to complete the reverse transcription of let-7e-5p from total RNA of rectal carcinoma tissues, including miRNA. Total RNA were extracted using RNAiso plus buffer (Takara Biotechnology Co., Ltd., Dalian, China) according to the manufacturer's protocol. Briefly, miRNAs were ligated to poly(A) and reverse transcribed with a poly(T) adapter primer. The thermocycling conditions were 42˚C for 120 min and 95˚C for 3 min. Next, the let-7e-5p-specific forward and reverse primers were used to perform qPCR with miRcute miRNA qPCR SYBR Green detection kit (cat. no. FP411; Tiangen Biotech Co., Ltd.,) according to the manufacturers protocol. The let-7e-5p-specific forward primer was purchased from Tiangen Biotech Co., Ltd (cat. no. CD201-0002). The 2 -ΔΔCq method was (28) , where the Cq value of miRNA was compared to the Cq value of U6 internal control in HHM and NM groups.
Gene Ontology (GO) and Kyoto Encyclopedia of Genes and
Genomes (KEGG) analysis. GO annotation for let-7e-5p targets was performed by mapping all of the targets to the GO database (http://www.geneontology.org/). Next, GO functional classification for annotated targets was processed using WEGO software (29) . Finally, GO enrichment analysis was conducted using the hypergeometric test to identify significantly enriched GO terms in targets compared with the whole genome background. The formula used was as follows:
Where N is the number of all genes with GO annotations, n is the number of targets in N, M is the number of all genes that are annotated to the certain GO terms, and m is the number of targets in M. The present study adopted a Bonferroni corrected P-value of ≤0.05 as a threshold. Those terms fulfilling this condition are defined as significantly enriched GO terms in DEGs. The Kyoto Encyclopedia of Genes and Genomes (KEGG) database is the major public pathway-related database (30) . KEGG pathway enrichment analysis identifies significantly enriched metabolic pathways or signal transduction pathways in targets compared with the whole genome background. The calculation formula and analysis procedure were the same as those used in GO analysis.
In vitro scratch migration assays. Colorectal adenocarcinoma Caco-2 cells were provided by the Stem Cell Bank, Chinese Academy of Sciences (http://www.cellbank.org.cn/). The base medium for this cell line was American Type Culture Collection-formulated Eagle's Minimum Essential Medium (cat. no. ; American Type Culture Collection, Manassas, VA, USA). The complete growth medium was generated by adding fetal bovine serum (TransGen Biotech Co., Ltd, Beijing, China), giving a final concentration of 20%, to the base medium. The culture conditions were 95% air, 5% CO 2 and 37˚C. Pcdna3.1-enhanced green fluorescent protein (EGFP)-hsa-pre-let-7e-5p and Pcdna3.1-EGFP-hsa-let-7e-5p-sp onge plasmids were constructed by ligating the hsa-pre-let-7e-5p and hsa-let-7e-5p-sponge (Sangon Biotech Co., Ltd, Shanghai, China) downstream of Pcdna3.1-EGFP (Miaoling Biotech Co., Ltd, Wuhan, China) using T4 DNA ligase (Takara Biotechnology Co., Ltd.). Following transfection with Pcdna3.1-EGFP-hsa-pre-let-7e-5p, Pcdna3.1-EGFP-hsa-let-7e-5p-sponge or Pcdna3.1-EGFP using Lipofectamine 3000 (Thermo Fisher Scientific Inc., Waltham, MA, USA), cells were grown in tissue culture dishes at 37˚C for 12 h, and scratches were made using a 10 µl pipette tip. A total of 10 different areas were marked on the bottom of the chamber, and images of these spots were captured using a fluorescent microscope (magnification, x10) at time intervals (0, 24 and 48 h following scratching). Migration of the cells was measured using the ImageJ V1.5 software package (National Institutes of Health, Bethesda, MD, USA).
Statistical analysis. The differences in mRNA and miRNA levels between paired samples were determined by the Wilcoxon matched-pairs test using GraphPad Prism V6.0 (GraphPad Software, Inc., La Jolla, CA USA). P<0.05 was considered to indicate a statistically significant difference.
Results

Patient characteristics and samples grouping.
A total of 84 patients with RC were followed from the day 1 post-surgery, with a median time of 61 months and the proportion of patients who adhered to follow-up was 98.8% (83/84). The follow-up data indicated that 64 patients exhibited NM, 6 patients developed local recurrence (Fig. 1A) .
Sequencing and analysis of small RNAs from NM and HHM RC.
To investigate the role of miRNAs in rectal carcinoma with HHM, miRNA expression profiles in primary tumor tissues of rectal carcinoma with HHM (n=3) and NM (n=2) were determined by next-generation high-throughput sequencing technology (Table II) . Small RNAs length distribution in 4 samples was 22 nt, with the exception of one HHM sample (Fig. 1B) . It is possible that the low quality of miRNA library construction of this HHM sample resulted in abnormal miRNA length distribution. Therefore, only two HHM samples were used for subsequent analysis. Next, the clean small RNA reads were analyzed by mapping them to the non-coding RNAs in the GenBank, Rfam 10.1 and miRBase 20.0 databases. All clean reads were divided into known miRNAs and all other rRNA (Table III) , and the rRNAetc fractions were removed from all the samples. The number of unann small RNAs was generally high when it was calculated from the unique reads small RNAs (Table III) . However, when it was calculated from the total small RNAs, the number of unann small RNAs was ~20% of total reads (Table III) , indicating that the majority of the total small RNAs were miRNAs. Briefly, 8,771,735 (38.57% of small RNA reads) and 9,081,651 (47.47% of small RNA reads) tags from the patients with NM, and 8,506,675 (47.82% of small RNA reads) and 10,871,492 (63.29% of small RNA reads) tags from the patients with HHM were matched to hairpin precursors of known miRNAs. Examination of these reads in the small RNA libraries indicated the presence of a high percentage of unann small RNAs, ~20% for all samples (Table III) .
miRNAs are differentially expressed in primary tumor tissues of rectal carcinoma with and without HHM.
Pair-wise intersection analysis demonstrated that >90% of small RNAs were commonly expressed among all samples. Differential expression analysis was performed for the HHM and NM groups. In total, 24 significantly differentially expressed miRNAs (P<0.01; the absolute value of log 2 -fold change >1) were identified (Table IV) . Among these differentially expressed miRNAs, 9 upregulated miRNAs, with log 2 -fold change >1.5 in the HHM samples compared with the NM samples, were identified. Concurrently, 15 downregulated miRNAs exhibited log 2 -fold change ~2 in the HHM samples. Among the upregulated miRNAs, hsa-let-7e-5p exhibited the highest normalized expression level in the tissues with (H-std=7,774.26±1,434.92 reads) and without HHM (N-std=1,201.21±29.95 reads), and exhibited a log 2 -fold change of 2.62 in tissues with HHM (Table IV) . Expression of hsa-miR-224-5p was also upregulated, with a high normalized expression level (H-std=175.01±11.59 reads; N-std=52.21±5.14 reads) (Table IV) . Conversely, the normalized expression levels of all the downregulated miRNAs were low compared with upregulation miRNAs (all <100 reads; Table IV), with the exception of hsa-miR-424-5p, with 159.04±26.06 reads for tissues without HHM. RT-qPCR confirmed that hsa-let-7e-5p was upregulated >5-fold in the HHM samples ( Fig. 2A) . Consequently, all additional analysis focused on hsa-let-7e-5p.
Target analysis of hsa-let-7e-5p.
To elucidate the potential biological mechanisms of hsa-let-7e-5p in promoting HHM, its potential targets were investigated, which had been validated The small RNAs length distribution of the H3 sample did not peak at 22 nucleotides, and therefore H3 was not used for additional analysis. previously using the miRWalk database (31, 32) . hsa-let-7e was identified to have 305 validated target genes (data not shown). By examining the mRNA-seq data of the present study (the transcriptome of 5 HHM and 5 NM RC samples), it was revealed that the expression of 54 of these validated target genes was downregulated in tissues with HHM. A number of these 54 target genes have been demonstrated to be directly involved in tumor metastases, including MYC proto-oncogene, bHLH transcription factor (MYC), high-mobility group AT-Hook 2, peptidase inhibitor 3 (PI3), KIT proto-oncogene receptor tyrosine kinase (KIT), Jun proto-oncogene, AP-1 transcription factor subunit (JUN) and ribonuclease T2 (33) (34) (35) (36) , or have physiological associations with immunity, including C-C motif chemokine receptor 4 (CCR4) (37), cluster of differentiation 40 ligand (CD40LG) (38) , and cellular metabolism, for example peroxisome proliferator-activated receptor γ, coactivator 1 α (PPARGC1A) (39) . Among the 54 target genes, 12 exhibited a log 2 -fold reduction >2.0 in gene expression: NK2 homeobox 1; myostatin; CCR4, proteinase 3, trehalase, growth hormone receptor, nuclear receptor subfamily 1 group I member 2, prominin 1, PPARGC1A, CD40LG, PI3 and KIT (Table V) . Next, the expression levels of these 12 targets plus MYC (1.8 log 2 -fold change) and JUN (1.2 log 2 -fold change) were compared between 2 additional pairs of HHM and NM RC samples (non-sequenced) ( Table II) . The results of RT-qPCR indicated that the log 2 -fold change of 10 out of the 14 target genes were consistent with the results derived from the sequenced samples (Fig. 2B) .
Gene Ontology (GO) and KEGG analysis of target genes.
GO analysis was performed on the 54 validated targets of hsa-let-7e-5p. The target genes were categorized into 18 biological processes, nine cellular components and seven molecular functions. Subsequent analysis indicated that the identified hsa-let-7e-5p targets were enriched in 18 KEGG pathways. Notably, targets were identified to participate in the transforming growth factor-β signaling pathway, the p53 signaling pathway, melanogenesis, Human T-lymphotropic virus-I infection, Epstein-Barr virus infection and pathways in cancer (Table VI) , indicating that hsa-let-7e-5p serves a notable role in tumor metastases.
Overexpression of hsa-let-7e-5p promotes tumor cell migration while knockdown of hsa-let-7e-5p suppresses migration. RC, rectal carcinoma; unann, unannotated small RNAs; sRNAs, small RNAs; N1 and N2, RC samples without metastasis; H1 and H2, RC samples with heterochrony hepatic metastasis; rRNAetc, small nuclear RNA, tRNA, rRNA and small nucleolar RNA.
To investigate the potential mechanism of hsa-let-7e-5p in promoting RC progression, Caco-2 cells were transfected with pCDN3.1-EGFP-pre-hsa-let-7e-5p or pCDN3.1-EGFP-hsa-let7e-5p-sponge plasmids, to determine the effect of hsa-let-7e-5p on cell growth in vitro (Fig. 3A) . Elevated hsa-let-7e-5p levels resulted in increased cellular migration in culture, whereas inhibition of hsa-let-7e-5p expression significantly suppressed tumor cell mobility (Fig. 3B) . Stable expression of pre-hsa-let-7e-5p or hsa-let-7e-5p-sponge was confirmed by the presence of a GFP signal (Fig. 3C) . These results indicated that hsa-let-7e-5p stimulated colorectal cancer cell spreading, indicating that it had a potential role in cancer metastasis. 
Discussion
A number of studies have demonstrated that miRNAs serve notable roles in tumor invasion and metastases (5, 13, 14, 40, 41) . In the present study, miRNA profiles of primary focal tumor tissues from two patients with HHM RC and two patients with NM RC were compared. Using high-throughput sequencing, a small number of differentially expressed miRNAs were identified. Expression of hsa-let-7e-5p was markedly upregulated in HHM RC. Subsequent assessment of the expression of hsa-let-7e-5p target genes implicated that it may be a prognostic biomarker for RC with HHM. However, the small number of sequenced specimens (n=4) is a limitation, and therefore the present data are largely descriptive and should be evaluated in a higher number of cases.
Conversely, the role of hsa-let-7 in cancer development has been controversial. For example, certain studies have demonstrated that let-7f inhibits tumor invasion and metastasis in human gastric cancer, whereas let-7a, let7b and let-7g suppress breast cancer cell migration and invasion (40, 42) . On the contrary, a previous study indicated that the let-7 miRNA family is secreted from a metastatic gastric cancer cell line into the extracellular environment (43) . In addition, a novel let-7-regulated transcriptional factor, transcription regulator factor BACH1, induces the expression of matrix metalloproteinase 1 and promotes metastasis in breast cancer (44) .
In the present study, MYC was identified as a target of let-7e that may participate in HHM RC. In previous studies, elevation of MYC has been detected in a variety of human tumors (45) (46) (47) . Overexpression of MYC may transform cells in culture and elicit malignant tumors in experimental animals (48) . However, certain previous studies provided paradoxical data; that this powerful oncogene may also act as a suppressor of cell motility, invasiveness and metastases (33) . MYC may suppress metastasis by directly silencing the transcription of integrin proteins (33) . These data uncovered an unexpected function of MYC, which provides an explanation for the current controversy on the role of MYC in metastasis (33) . In the present study, MYC was downregulated in the HHM RC, indicating a metastasis-suppressing role for MYC.
c-Kit is an additional notable let-7e target that may participate in HHM RC. c-Kit expression is suppressed in colon cancer tissues, contributing to L1-mediated metastases (34) . The L1 is a transmembrane neural cell adhesion receptor in human colorectal cancer and promotes liver metastases (34) . Although c-Kit upregulation inhibits the metastases of L1-expressing colorectal cancer cells, it also enhances colorectal cancer cell tumorigenesis and proliferation, which indicates that c-Kit may mediate separate pathways in metastases (34) . By contrast, other let-7e candidate targets identified in the present study were demonstrated to inhibit cancer metastasis. For example, cyclin-dependent kinase inhibitor 1B suppresses the growth, migration and metastasis of mouse embryonic fibroblasts and human bladder cancer cells, processes that are mediated by Janus kinase/c-Jun inhibition (49) . Clinical analysis of invasive human breast cancer revealed a marked correlation between PPARGC1A expression in invasive cancer cells and the formation of distant metastases (50) . The silencing of PPARGC1A in cancer cells suspended their invasive potential and attenuated metastasis (50) . Although specific data from these previous studies have established that the increase of certain let-7e candidate targets may be .05 suggests that this pathway is significantly enriched. Hsa, Homo sapiens; MYC, MYC proto-oncogene, bHLH transcription factor; KIT, KIT proto-oncogene receptor tyrosine kinase; JUN, Jun proto-oncogene, AP-1 transcription factor subunit; CCNG1, cyclin G1; POLD3, DNA polymerase ∆3, accessory subunit; TGF-β, transforming growth factor β; p53, tumor protein; HTLV-I, human T-lymphotropic virus 1. promotion signals for cancer metastasis, these genes may also have opposite functions in other contexts.
In summary, it was demonstrated that hsa-let-7e-5p was differentially expressed in primary tumor tissues of RC with heterochrony hepatic metastases (HHM). Furthermore, hsa-let-7e-5p may be used as a prognostic marker to identify patients with RC who may be at risk of metastases.
